The pressure in hydrodynamics means the force per unit area of an ideal plane upon the fluid portion on one side of it exerted by the other portion on the opposite side ; whereas in the equation of state we must understand that the pressure means the force per unit area acting on a solid or liquid wall of a material different from the fluid, or properly speaking,the quantity measured by a manometer. Thus, in the former case the plane considered is, in general, an imaginarysurface, while in the latter case an actual wall is considered.
The two things may or may not be equal to each other.
Further, whilst the pressure must be a surface force by definition, being given by the value per unit area, the pressure hitherto considered, either hydrodynamical or gas-theoretical, includes theforce due to cohesion, which is not rigorously a surface force. The internal force due to cohesion acting upon an elementary volume may be treatedas a surface force, provided that the elementary volumes can be taken sufficiently large and the density is sufficiently great (inthis case the equations of motion coincide with the classical ones).
On the contrary, whenthe elementaryvolumes to be chosen are very small (this means that the field of motionof the fluid is extremely heterogeneous) or the density is very small, the force due to cohesion must rather be treated as a body fnreathan as a surface force On the contrary, if we understand the pressure P' as the force acting on the material wall perunit area, we can prove thermodynamically its independency on the nature of the wall, provided that there exists no external field offorce.
Thus, at first sight it may appear that, at the definition of pressure, P is simpler and more convenient than P, but such a simplicity will disappear, as shown later, whenan external field of force exists.
Moreover, if we measure the pressure at the material wall using a manometer with the wall of ,negligibly small thickness, the value measured must be that of P and not of P. Keeping in mind that equation (1) holds true independent of the position of the coordinate origin, we obtain, as the components of the force of buoyancy, following expressions :
•¬ where M and M' represent the total masses of the fluid in both cases respectively.
These arethe generalisation of Archimedes's principle.
Above reasoning must be justified as long as the statistical consideration is applicable. Now, it will be seen easily that the buoyancy depends on the nature of the solid body, in other words the resultant of forces acting on the solid by the presence of the fluid is not independent on the nature of the solid as in the case of no external field of force. The above deduction of buoyancy is of interest as it shows the mutual effect of the suspended particles on the buoyancy, that is, if we consider the force of buoyancy in a fluid with many suspended particles acting on one of the particles, we must take the gross-density of the mixture as the effective one. If we use above P in hydrodynamics, the pressure is, in general, not normal to the considered surfaceeven in the case of non-viscous fluids, and is-not, a fortiori, independent of the direction. Also we can see that the pressure as usually understood in hydrodynamics, in the case of no cohesion,is the pressure P here defined as measured by an observer moving with the fluid even in the Eulerian form.
The above consideration seems to suggest an alternative way of attacking the problems of turbulent motion and allied phenomena.
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